ABSTRACT BACKGROUND: Blunt chest trauma and its complications are commonly encountered in emergency medicine. Herein, we used a rat model to investigate the role of thoracic trauma in inflammation, apoptosis and bacterial translocation following multiple traumas.
INTRODUCTION
Blunt traumas and their associated complications are major causes of death in young and middle-aged people. Previous studies have reported that acute lung injury (ALI) associated with pulmonary contusion, sepsis and multiple organ failure (MOF) are major complications of blunt trauma that can lead to morbidity and mortality. Approximately one-third of trauma cases presenting at hospitals present with thoracic trauma. Lung contusion resulting from thoracic injury plays an important role in the development of ALI and Acute Respiratory Distress Syndrome (ARDS). It has been reported that ALI can lead to the development of MOF, and that morbidity and mortality are significantly higher in blunt trauma cases with lung injury than those in traumas without. [1, 2] Studies using an experimental thoracic trauma model have shown that an acute inflammatory response develops shortly after the trauma, but this response subsides with time, returning to normal levels within approximately 7 days. Because of these results, it has been hypothesized that the change in inflammatory response alone is not sufficient to explain the etiology of complications like ALI and ARDS, and that additional processes that might trigger the development of these pathologies should be investigated. Furthermore, it was noted that apoptosis following thoracic traumas may be associated with the inflammatory response. [3] [4] [5] [6] Bacterial translocation refers to the spread of bacteria and their products in the intestinal flora to solid organs, which can be due to intestinal hypoperfusion, burns and stress. Bacterial translocation has been cited as one of the leading factors in the development of acute lung injury, MOF and sepsis. [7] [8] [9] [10] We undertook the current study to determine whether there was a correlation between the cellular and humoral inflammatory responses, apoptosis and bacterial translocation in a model of lung contusion developed after blunt thoracic trauma and/or multiple traumas accompanied by blunt thoracic trauma. We also aimed to determine the effects of blunt thoracic trauma in the development of the aforementioned processes.
MATERIALS AND METHODS
All experiments were performed in accordance with the National Institutes of Health Guidelines on the Care and Use of Laboratory Animals. The approval of the Ethics Committee was obtained before the onset of the study. This study was approved by the Mersin University Institutional Ethics Committee for Animal Studies with document number 26.12.2007/13 and was funded by the Mersin University Scientific Research Projects unit.
In this study, 90 Wistar rats were equally divided into nine groups as follows: (C; control, C24; control sacrificed 24 hours after first anesthesia, C48; control sacrificed 48 hours after first anesthesia, TT24; thoracic trauma and sacrificed 24 hours after trauma, TT48; thoracic trauma and sacrificed 48 hours after trauma, HT24; head trauma and sacrificed 24 hours after trauma, HT48; head trauma and sacrificed 48 hours after trauma, HTT24; thoracic and head trauma and sacrificed 24 hours after trauma, HTT48; thoracic and head trauma and sacrificed 48 hours after trauma.
For twenty-four hours prior to trauma, the animals were given standard rat chow as well as water containing 80,000 cfu/mL E.coli. In all of the groups, anesthesia was given as 25 mg/kg-1 thiopental sodium (Pental Sodyum, İ.E. Ulugay, Turkey) before trauma. Only the control group (Group C) received anesthesia without any trauma. The thoracic trauma groups (Group TT) were exposed to thoracic trauma using the mechanism published by Raghavendran et al. with a force of 2.7 J followed by anesthesia. [4] In the head trauma groups (Group HT), severe head trauma was created according to the method described by Foda et al. [11] Sequential thoracic and head traumas were created in the same manner as mentioned above in the groups receiving thoracic and head traumas (Group HTT). Twenty four or 48 hours after the trauma, the rats were anesthetized and the chest cavities were opened. The animals were euthanized by cardiac blood aspiration.
Following sacrifice at 24 and 48 hours, multiple specimens were taken from the rats' mesenteric lymph nodes, spleen, liver, lungs and ileum, and blood samples were collected and evaluated for bacterial growth in corresponding 5% blood agar. In the blood, interleukin -1 beta (IL-1β), interleukin-10 (IL-10), interleukin-4 (IL-4), tumor necrosis factor alpha (TNF α), and monocyte chemoattractant protein-1 (MCP-1) were evaluated, while apoptosis was assessed in the lung.
In the first 30 minutes after trauma, we noted a reduction in the rats' movements and food intake. After two hours, the rats regained normal movements. The food and liquid consumption of the rats that underwent trauma was 50% less than that of the control groups.
Evaluation of the Bacterial Translocation
Blood samples (1 mL each) were incubated aerobically for 48 hours at 37oC in 5 mL of triptych soy broth and plated on triptych soy agar with 5% blood plates. Liver, spleen, mesenteric lymph nodes and lung were extracted, weighed separately, and placed in sterile grinding tubes. The samples were homogenized with 1 ml of triptych soy broth using sterile ground glass stoppers. After grinding (Pottere S, Biolab, Melcungen-Germany), 500 μL of homogenate was transferred into a tube containing 4.5 mL of 0.9% NaCl and was used to perform four serial dilutions. The final dilution was 10-4. From this dilution, 100-μL aliquots were plated onto tyriptic soy agar plates with 5% blood and EMB agar plates. Quantitative culture results were determined with the following formula [(number of colony-forming units (CFU) x reciprocal of dilution x 10)/ weight of tissue]. [12] Finally, the terminal ileal loop was excised and placed in a tube of thioglycollate broth to determine indigenous bacteria. To prevent contamination of the environment, these cultures were prepared as indicated in the previous procedure. All agar plates and thioglycollate broth tubes were incubated aerobically in 5% CO 2 for 24 hours at 37 °C. We did not study obligate anaerobes, because these organisms are rare causes of translocation. [13] The gram negative enteric organisms were identified by biochemical profiles, staphylococcus was identified by the catalase test and the tube coagulase test, and Enterococcus was identified by esculin hydrolysis in the presence of bile and was grown in broth containing 6.5% NaCl.
Histopathological Evaluation
Tissue samples were taken from the most traumatized part of the left lung, immersed in 10% buffered formalin and embedded in paraffin using a standard procedure. Serial sections from paraffin-embedded tissues were deparaffinized in xy-lene, dehydrated through graded concentrations of ethanol, and evaluated following haematoxylin and eosin staining. Microscopic evaluations were performed by a single pathologist who was unaware of the characteristics or treatment of the animals.
TUNNEL (Terminal Deoxynucleotidyl Transferase Mediated dUTP Nick-End Labeling) Method
The TUNNEL method (in situ Apoptosis Detection Kit, Biogen, USA) was used to investigate apoptosis in lung tissue. After being deparaffinized and rehydrated, sections were pretreated with proteinase K for 15 minutes at room temperature, and then endogenous peroxidase activity was quenched with 2% H 2 O 2 . Slices were then incubated at 37 °C for 60 min with 50 μl of TdT buffer. Finally, the reaction was visualized colorimetrically with a streptavidin-biotin-peroxidase complex and diaminobenzidine. TUNNEL labeled slides were counterstained with 1% methyl green.
Morphological Analysis
Light microscopic analyses of hematoxylin and eosin stained slides of lung specimens were evaluated with regards to pulmonary architecture, tissue edema formation, polymorphonuclear leukocyte infiltration and alveolar hemorrhage using a modified method by Koksel et al. [14] Lung injury was scored 0 to 3 as follows: 0 = normal histology; 1 = a few inflammatory cells in alveolar spaces; 2 = perivascular mild edema formation, moderate inflammatory cell infiltration, focal hemorrhage and partial destruction of pulmonary architecture, 3 = severe edema and dense inflammatory cell infiltration, marked hemorrhage and complete destruction of pulmonary architecture.
To numerically evaluate the density of apoptotic cells in the lung sections, the total number of dark brown stained (TUNNEL positive) nuclei (alveolar epithelium and endothelial) were counted in 10 randomly selected high power fields (10x400) with light microscopy.
Biochemical Evaluation
MCP-1, TNF-α, IL-1β, IL-4 and IL-10 levels were detected using BioSource Immunoassay kits (Rat MCP-1 catalog no:KRC1012, Rat TNF-α catalog no: KRC3011, Rat IL-1β catalog no:KRC0011, Rat IL-4 catalog no:KRC0042, Rat IL-10 catalog no:KRC0101; Biosource International, Camarillo, CA).
The BioSource kit is a solid phase sandwich Enzyme LinkedImmuno-Sorbent Assay (ELISA). A specific antibody coats the wells of the provided microtiter strips. Samples, standards, and control specimens are pipetted into these wells, followed by the addition of a biotinylated secondary antibody. During the first incubation, the specific antigen (MCP-1, TNF-α, IL-1β, IL-4, IL-10) binds simultaneously to the immobilized antibody on one site, and to the solution phase biotinylated antibody on a second site. After removal of excess secondary antibody, Streptavidin-Peroxidase is added, which binds to the biotinylated antibody to complete the four member sandwich. After a second incubation and washing to remove the unbound enzyme, a substrate solution is added, which reacts with the bound enzyme to produce color. The intensity of this colored product is read at 450 nm, and the intensity of the color is directly proportional to the concentration of sample present in the original specimen (as compared to a standard).
Statistical Analyses
A one-sample Kolmogorov-Smirnov test was used to determine whether serum cytokine levels were normally distributed. All of the variables were normally distributed. A one-way ANOVA was used to detect variations in variables among the groups. Tukey Post Hoc Tests were used for pair wise comparisons. The relationships between categorical variables were determined by chi-square analyses using the SPSS 11.5 software program. Correlation coefficients were determined with Microsoft Excel.
RESULTS

Survival and Gross Morphology of Lung Contusion Injury
Marked hemorrhage and pulmonary contusion were observed ventrally and dorsally in both lungs in all of the rats exposed to thoracic trauma ( Figure 1 ). Within the first 30 minutes following trauma, 3 rats in the head trauma (HT) group and 4 rats in the thoracic trauma (TT) group died and were excluded from the study. Rats were added to both of these groups to replace those that died and corresponding traumas were repeated. Of the three rats that died in the HT group, 2 had epistaxis, while the other had no marked macroscopic signs. An evaluation of the 4 rats that died in the TT group showed that 3 of them had massive hemothorax while other rat was observed to have cardiac tamponade.
Serious dyspnea developed in all of the groups that were subjected to trauma, and the rats remained motionless for an hour following the trauma. Dyspnea regressed after the first six hours, while motor movements remained mostly unchanged. At 12 hours, the rats were motile in their cages, and at 24 hours they showed a marked increase in motility and a decrease in dyspnea. No treatment or oxygen support was given to the rats during this observation process. All of the rats that were exposed to thoracic trauma had macroscopic contusion.
Serum Cytokine Levels
Biochemical data pertinent to all groups are presented in Table 1 .
Interleukin-1ß
At 24 and 48 hours after the trauma, IL-1β was significantly higher in all of the trauma groups than in the control group (p=0.000). There were no significant differences between the trauma groups. At 48 hours, values in the head and thoracic trauma (HTT) group were significantly higher than those in the HT and TT groups. When values in the trauma groups at 24 and 48 hours were compared with one another, only the HTT group showed an increase in the values at 48 hours, relative to those at 24 hours (p<0.05); there was no significant difference in the values of the other groups.
Interleukin-10
Values of IL-10 in the TT and HTT groups at 24 and 48 hours after trauma were significantly higher than those of the C and HT groups (p=0.000). No significant difference was found between the C and HT groups. IL-10 values in the HTT group at 48 hours were significantly higher than those in the TT group at that time point (p<0.05). There was a significant increase in the values of the HTT group at 48 hours relative to the values at 24 hours. This difference was not significant in any of the other groups.
Interleukin-4
IL-4 values in the HT and HTT groups at 24 hours following trauma were higher than those in the C group (p=0.000). The IL-4 values of the TT group were not significantly different from those of the C group. IL-4 values in the TT and HTT groups at 48 hours were significantly higher than those of the C group. IL-4 values in the HTT group were significantly higher than those in the HT group (p<0.01). There was no significant difference between the HT and C groups at 48 hours.
TNF-α
Although TNF-α levels in the TT and HTT groups were higher than those of the C group at 24 hours (p=0.000), this difference was not significant. TNF-α values in the TT and HTT groups at 24 hours were significantly higher than those of the HT group at 24 hours. The TNF-α levels of all of the trauma groups were significantly higher at 48 hours relative to the control values (p=0.000-0.003), although there were no differences between the trauma groups.
MCP-1
MCP-1 was significantly higher in all of the trauma groups in comparison to the C group at 24 and 48 hours (p=0.000), although there were no differences in these values between the trauma groups.
Bacterial Translocation (BT)
Any bacterial growth in the solid organs (i.e., liver, spleen, lymph nodes) without any growth in the lungs was accepted as a positive sign of BT. BT was found in 7 rats in the 24th hour HTT group (70%), in 4 rats of the 24th hour TT group (40%) and in 2 rats in each the 24th hour C and 24th hour HT groups (17% each). All of the blood cultures remained sterile. No significant difference was found in the cultures of the control group and trauma groups at 48 hours ( Figure 2 ).
The isolated bacteria were E. coli (90%), Enterococci (7%) and Staphylococci (3%). As the indigenous flora of the intestines includes enterococci and staphylococci as well as E. coli, their growth in harvested tissue cultures was accepted as a sign of BT as well.
The incidence of BT in the 24th hour HTT group was significantly higher than that of all other groups (p<0.05). Although the rate of bacterial translocation in 24th hour TT group was higher than that of the C and HT groups, this difference was not statistically significant.
Light Microscopy
Light microscopic evaluation of hematoxylin and eosin stained slides revealed almost normal morphology in the C group. In contrast, the HT group had mild to moderate lung injury at both 24 and 48 hours. In the TT and HTT groups, moderate to severe injury was recorded at both 24 and 48 hours (Figure 3a, b) . The light microscopy score of the HTT group was significantly different than those of the C and HT groups at 24 and 48 hours (p<0.05). The other groups were not significantly different (Table 2) .
Apoptosis (TUNNEL)
The number of TUNNEL positive stained nuclei in the lung tissue for each group is presented in Figure 4 .
The control group had only a few TUNNEL positive stained nuclei (alveolar epithelial, endothelial). The number of TUN-NEL positive stained nuclei was increased in the TT, HT, and HTT groups at 24 and 48 hours (Figure 5a, b ).
There was a significantly higher number of TUNNEL stained nuclei in the HTT group than in the C group 24 hours follow- 0  0  0  3  3  5  0  4  1  16  Minimaly  0  0  0  3  1  3  5  1  0  13  No injury  10  10  10  0  0  2  5  0  0  37  Total  10  10  10  10  10  10  10 ing trauma (p<0.05). The TT and HTT groups were significantly higher than the C and HT groups at 48 hours (p<0.05). (Figure 5a, b) .
Correlations
Correlations were calculated between inflammatory responses and bacterial translocation, and these results are presented in Table 3 . There were highly significant correlations 
DISCUSSION
Two-thirds of the patients who die of complications that develop following a major trauma have single or multiple organ failure, of which the most commonly encountered is pulmonary dysfunction. [1, 3, 15] Previous studies have reported that the first organ to fail after trauma is the respiratory system, which serves as a pacemaker in the development of MOF. [1] It has been noted in a clinical study that if patients with head trauma also had lung injury, a significant increase was seen in their morbidity, length of hospital stay and mortality. [16] Recent studies have focused on systemic inflammatory processes, immunologic mechanisms, controlling inflammatory responses and improving immunomodulator procedures that reinforce the body's defense. Our objective in this study is to contribute to research on systemic inflammatory responses that arise in traumas, histopathologic changes that occur in pulmonary tissue, apoptosis and bacterial translocation, and the correlations between these processes. In general, our results showed that IL-1ß and MCP-1 increased significantly in all trauma groups (HTT, TT and HT groups) in comparison to the control group. Additionally, IL-10, IL-4 and TNF-α were significantly elevated in all HTT groups. IL-10, IL-4 and TNF-α levels were higher in some HT groups and lower in TT groups at different time points, while they were higher in TT groups and lower in HT groups at other times. However, in general, the values in the HT and TT groups were significantly higher than those of the C group. Since IL-10 was significantly higher in the TT and HTT groups at both 24 and 48 hours and since there was not any significant difference in IL-10 between these groups, we can hypothesize that there is a correlation between thoracic trauma and IL-10 levels. Similarly, since there was a significant difference in TNF-α levels in the TT and HTT groups and the HT group, we hypothesize that there is a correlation between thoracic trauma and TNF-α.
There were significant correlations between all of the measured cytokine levels; in particular, the correlations between MCP-1 and IL-1ß with other cytokines were the strongest.
The correlations of MCP-1 with other cytokines were also significant, but the correlation coefficients were lower. TNF-α was correlated with all cytokines, but levels of significance were variable. TUNNEL is an indication of apoptosis that was significantly correlated with cytokines. On the other hand, bacterial growth, which is an indicator of bacterial translocation, was not significantly correlated with cytokine levels and TUNNEL results.
Experimental models of blunt thoracic trauma have shown that a severe inflammatory response develops during the first 24-48 hours, but normal levels are restored at 72 hours. This data suggests that additional processes should be investigated in order to clarify lung injury and causes of morbidity. [3] [4] [5] These studies also reported that TNF-α and IL-1ß were primary mediators in the activation of other cytokines, and ensured prostaglandin release, synthesis of pro-coagulant factors and activation of leukocyte chemotaxis with adhesion molecules like ICAM and E-selectin. Accumulation of neutrophils increases the production and release of vasoactive substances (leukotrienes, eicosanoids, platelet-activating factor) and proteolytic enzymes (elastase, cathepsin G). All of these substances have been reported to cause injury to the endothelial layer and neighboring tissues. [16] Previous studies have reported a correlation between TNF-α and apoptosis. Furthermore, in the early post-traumatic period, TNF-α, IL-1ß and MCP-1 values showed an increase parallel to the increase in local and systemic neutrophil accumulation, and that the former peaked especially in the first 24 hours. [17] [18] [19] Sato et al. [17] reported that there were significantly lower TNF-α and IL-1ß levels in a trauma group treated with a potent inhibitor of TNF-α and IL-1ß production, FR167653, relative to the untreated trauma group. The correlation between these values and blood gas values may indicate that TNF-α and IL-1ß play a role in post-traumatic acute lung injury. In the current study, we found that although IL-1ß and MCP-1 values increased in all trauma groups at 24 and 48 hours, IL-1ß values in the HTT group at 48 hours were significantly higher than those in the HT and TT groups. We established that TNF-α values in the HTT and TT groups at 24 and 48 hours were significantly higher than those of the control group. However, the 24 hour TNF-α values in the HT group were the same as those of the C group, which peaked at 48 hours. Even though our results are consistent with those of the literature, the significantly higher levels of IL-1ß in the HTT group relative to the other trauma groups may be interpreted in relation with the cumulative effect of multiple traumas.
Many studies have been conducted regarding the relationship between trauma and IL-10, but the results differ widely, especially in evaluations of the lung. [20] Turina et al. [15] stressed that IL-10 levels in BALF increased in the early post-traumatic period of patients with severe trauma, and that this increase resulted in alveolar neutrophil apoptosis. It has also been reported that anti-IL-10 treatment reduced apoptosis in patients with post-traumatic pulmonary dysfunction. [15] On the contrary, Raghavedran et al. [3] showed in their experimental thoracic trauma model that levels of IL-10 in BALF did not significantly increase. Murphy et al. [21] on the other hand, reported a significant increase in IL-10 levels in the blood of trauma patients. Previous in vitro studies reported that there might be differences in the cytokine production of immune system cells stimulated by nitrogen. Likewise, conservative mutations in the areas where cytokines are coded, as well as nucleotide changes in the regulatory area might cause the differences in cytokine production. These genetic polymorphisms have been shown to affect cytokine release in both in vivo and in vitro media. [22, 23] Contradictory results have been obtained in similar trauma groups, and therefore, results of further studies aiming to clarify the relationships and correlations between thoracic trauma, multiple trauma and IL-10 will be important. [24] In the present study, we found that serum IL-10 values in the HTT and TT groups were significantly higher than those in the C and HT groups at 24 and 48 hours. However, there was no significant increase in the HT group relative to the C group. In addition, the development of apoptosis, which has been reported to peak at 48 hours, was significantly higher in the HTT and TT groups at 48 hours than in the C and HT groups. Our current results indicate that there is a direct relationship between IL-10 increase, apoptosis and acute lung injury.
Clinical and experimental studies have shown that apoptosis develops within 48 hours following trauma. Post-traumatic systemic inflammatory responses and toxic metabolites released from the neutrophils due to increased neutrophil accumulation is the first step of apoptosis formation. [5, 15] Ward et al. [25] reported that IL-10 inhibited the activation of the extracellular signal-related kinase (ERK) pathway in purified human neutrophils, and that the inhibition of ERK eliminated the inhibitor effect on Caspase 8, thereby enabling more apoptosis, which was influenced by PMN. In our study, we established that significantly more apoptosis developed in the HTT and TT groups than in the HT and C groups at 48 hours.
It has been reported that the respiratory system (28%) was among the leading infection foci in patients with multiple traumas, and that the most commonly reproduced microorganisms were bacteria of the gastrointestinal flora like S. aureus (19-20%) , E. coli (18%), Pseudomonas (10%) and Enterococci (9%). [2, 26] In our study, we determined that the reproduced bacteria were E. coli (90%), Enterococci (7%) and Staphylococci (3%). The major cause of the death of patients undergoing multiple traumas has been shown to be MOF, the pathogenesis of which sepsis and pulmonary dysfunction are the most commonly blamed factors. Previous studies have shown that bacterial translocation developed in patients who had abdominal trauma, hemorrhage and burn. [7] [8] [9] In one of our previous studies, we reported the development of bacterial translocation in multiple traumas, including thoracic trauma. [27] In the same study, our results indicated that bacterial translocation developed in some cases of isolated thoracic trauma, although it was not statistically significant. In the present study, we found that bacterial translocation did not occur in the HT group, was extremely high in the TT group, but was only significantly higher in the HTT group, relative to other groups. In consideration of the quantitative measure of bacterial translocation in the TT group, we believe that thoracic trauma may significantly affect the development of bacterial translocation.
In our examination of the literature, we found that research generally included patients with severe multiple traumas, and that the number of studies aimed at patients with isolated thoracic trauma was insufficient.
As a result of our study, we found that multiple and/or thoracic trauma can trigger inflammatory and anti-inflammatory cascades. Based on our results, we believe that inflammatory mediators stemming from the lungs are the major cause of these triggers. In conclusion, thoracic trauma plays a major role in critical inflammation, bacterial translocation and tissue damage following multiple traumas.
